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THE EFFECTS OF ULTRAVIOLET LIGHT ON MAMMALIAN
PIGMENT CELLS IN VITRO
YUKIO KITANO, M.D.t
AND
FUNAN HF, M.D.
In the present paper, using an in vitro sys-
tem, we demonstrate for the first time that
melanin within the cytoplasm of melanocytes
protects them from the damaging effects of
UVL. Nonpigmented cells in the same culture
perish after this treatment.
The general effects of ultraviolet light
(U1,TL) on skin pigmentation are now well
documented. Yet, the mechanism of hypcrpig-
mentation is not clearly understood; some au-
thors (1—3) believe that it results from an
activation of the pre-existing amelanotic mel-
anocytes and from an increase in the population
of melanocytcs. Such conclusions have been
derived from observations made upon intact
animals. We show here, however, that the
effects of radiation on mammalian pigment cells
in vitro differ from those in vivo. The direct
effect of UVL on pigment cells in culture was
to inhibit cell proliferation but not to stimulate
melanin synthesis. The main effect of UVL on
the cell cycle is to prolong the G2 period.
MATERIALS AND METHODS
Cell lines ond cell culture methods. The cell
lines P and P' used in this study were subhnes of
an established pigment cell hne IIFH-14 originated
by flu and Lesney (5). The P line (Fig. 1) origi-
nated from a 19th transplantation generation of a
melanotic tumor produced by the injection of cell
line HFfl-14/35 in a C57BL mouse. At the time
of our study, this line had been carried in eitro
for 13 months. P' line, a subline of the P line,
had pronounced pigment forming capacity and was
employed here specifically in the pigmentation
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study. Both cell lines were propagated in mono-
layers on the glass surface in Blake bottles in
medium 199 supplemented with 10% fetal calf
serum. The cells were subcultured every 12 to 14
days after trypsinization. Melanotic cells usually
developed in the cultures of P line at about the
10th day of incubation. In the P' line, they ap-
peared much earlier and were fairly numerous at
the end of 1 week incubation.
Liltroviolet irrediation. All cells were grown in
60 x 15 mm Falcon plastic tissue culture dishes
with 4 ml of nutrient medium and incubated at
37° C in a moisture-controlled chamber with 5%
CO2 in air. Radiation treatment was begun 2 or 3
days after start of the culture when the cells were
in their logarithmic growth. Before irradiation, the
medium was removed from each dish, pooled, and
saved for later use.
The source of UVL was a flanovia Aero-Kro-
mayer lamp, Model 2221A. The intensity for the
spectral region of 3130 A to 1850 A on contact
with the front window was 70,000 micro watts per
square centimeter. During irradiation the cover
of the culture dish was removed so that, except
for a thin film of residual medium, the cells re-
ceived the full intensity of the light. The distance
between the light source and cells was 10 inches.
Two exposure times, 1 second and 5 seconds, were
used in most of the experiments. Immediately
after irradiation, the pooled medium was returned
to the culture dishes and the cultures were reincu-
bated in the CO2 chamber.
Meosurement of cell prolijerotioa. Each culture
was begun with seeding of 4 X l0 cells. The dish
was divided into two halves: one half was exposed
to UVL and the other served as control. Cell counts
of selected microscopic fields were made daily.
Measurements of Piqmentotioa. Cells of both the
P and F' line were used in this study. For each
culture, 1 >< 10° cells of either one of the two lines
were seeded. In time each cell proliferated to form
a colony. After 5 or 8 days of incubation, when the
cell colonies were well established, we began the
radiation treatments. Each culture of P' line was
divided into two halves, one of which was exposed
to 1 sec FIT irradiation every three days for 2 to
4 successive exposures; the other half served as
control. Three days after the last UVL treatment,
the cultures were fixed with methyl alcohol and
stained with 0.1% nuclear fast red. The number of
pigmented and nonpigmented colonies in the ir-
radiated and control areas were counted and
compared.
The cell cultures of P line were made like those
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FIG. 1. Pigment cell culture (P line), 2 weeks in T-30 flask. Note the pigmented cells
overlying the nonpigmented cells. Phase contrast.
of the P' line. They were irradiated twice a week,
the process being repeated up to 18 times.
Mito tic index. Actively growing cultures were
given 1 see IJY irradiation, after which the cells
were harvested by trypsinization, washed with
physiological saline, snd fixed in 3 parts of metha-
nol and 1 part of glacial acetic acid at 3, 6, 9, 12,
15, 18, 21 and 24 hours after irradiation. Coleemid
at a concentration of 0.03 ,g/ml was added to the
cultures 3 honrs before fixation. The fixed cells were
plated on a glass slide, air dried, and stained with
Giemsa stain.
The mitotic index was determined by counting
a minimum of 2000 cells in both control and ir-
radiated cultures; the results were expressed as a
percentage of nuclei in division.
Autorediogrephy. For autoradiography 113-thy-
midine (thymidine-methyl-H3, New England Nu-
clear Corp., specific activity 6.7 c/mM) was added
to the culture at a concentration of 1 pc/ml, and
the culture was incubated for 30 minutes.
The slides were made in the same way as those
used for the determinations of the mitotic index.
All slides were dipped in Kodak NTB2 emulsion
according to the techniques of Messier and Le-
blond (6), and Joftes (7), exposed for 7 days at
40 C in light-proof boxes containing Drierite,
developed, and stained with Giemsa stain.
(1) To study changes in DNA synthesis after
PY irradiation, we added 11°-thymidine to the
medium 0.5, 3.5, 7.5 and 16.5 hours after irradiation.
At the end of thymidine treatment, the cultures
were fixed and processed for autoradiography. One-
second and 5-second exposures were used in this
study. The percentage of labeled cells was deter-
mined by counting more than 1000 cells in each
slide. The degree of labeling of the mitotie and
nonmitotic cells was arbitrarily classified as heavy,
moderate, and hght.(2) To study the kinetics of S phase cells at
the time of irradiation, we added 110-thymidine
0.5 hour before UV exposure. At the end of thy-
midine treatment and at the time ef irradia-
tion, the cells were washed with two changes of
medium and reineubated in the new medium
without the isotope. Sample cultures were fixed
at 3, 6, 9, 12, and 15 hours after irradiation.
Coleemid (0.03 zg/ml) was added to all cultures
3 hours before fixation. To determine the per-
centage of labeled mitoses, we examined mnre than
100 mitotie figures and calculated the percentages
of unlabeled, lightly, moderately, and heavily
labeled mitoses.
RESULTS
Cell proliferation. Exposure to une second
of UVL resulted in a minimal suppression of
cell proliferation on the first post-radiation
day. The cells soon recovered and on the
second day proliferated at the same rate as
the untreated cells. Exposure to 5 seconds of
irradiation almost completely inhibited cell pro-
liferation, and on the second day many de-
generated cells appeared (Fig. 2).
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FIG. 2. The effect of UVL on cell proliferation.
Note the difference in growth rate in the controls
and UV irradiated cultures on two successive days.
Pigment formation. The cells of line F' were
very actively melanotie. After 14 days of incu-
bation, more than 90% of the colonies were
more or less pigmented (Fig. 3) and became
increasingly so as incubation continued.
Repeated exposures of DV irradiation showed
no apparent increase of melanin pigmentation
over that of the untreated cultures. Figure 4
shows the percentage of pigmented and non-
pigmented colonies of the control and irradi-
ated cultures. In cell line F, as many as 18
exposures of UVL did not affect melanin for-
mation, although cell proliferation was some-
what suppressed in the irradiated areas.
Protective property of melanin pigment. The
presence of melanin granules in the cells pro-
tected them from the damaging effects of
UVL. When colonies of pigmented and nonpig-
mented cells were exposed for 20 seconds to
DV irradiation, only the pigmented colonies
survived the treatment. Figure 5 shows the
coiinplete degeneration of nonpigmented cells in
contrast to the apparently normal appearance
of the pigmented cells, which continued to pro-
liferate after irradiation.
Mito tic index. One second of DV irradiation
inhibited cell proliferation for a short time.
The mitotic index fell to 60% of the controls
o Nonpigmented colonies
t2 Lightly pigmented colonies
O Moderately pigmented Colonies
• Henoily pigmented colonies
Fio. 3. Pigmented and nonpigmented colonies. F' line, 11-day culture
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Fic. 4. The effect of multiple UVL irradiation
on pigmentation. .j,: the time of irradiation on days
of cultivation; C: control cultures; U: irradiated
cultures.
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FIG. 5. 20-second UVL on pigmented and nonpigmented cells. 3 days post-radiation.
Note the complete degeneration of the nonpigmented cells in contrast to the apparently
normal appearance of the pigmented cells. Phase contrast.
DNA synthesis. Figure 7 shows the effect of
1W irradintion on the uptake of H3—thymidine.
After an exposure of one second, the per-
• centage of labeled cells was 31.0% after 1 hour
(control 31.4%), 34.1% at 4 hours, 35.4% at
8 hours (control 39.2%) and 26.2 at 17 hours
(control 30.9%). It is apparent that the dif-
ferences in the values of the control and those
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Fio. 6. The effect of TJVL on mitotic index.
Arrow indicates the time of exposure. Each dot
represents one set of experiments.
4 to 5 hours after irradiation (Fig. 6), but
the cells soon recovered; 10 hours after
irradiation, their rate of proliferation was
equal to or even slightly higher than that of
the controls.
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o Unlabeled cells
Lightly labeled cells
Moderately labeled cells
• Heavily labeled cells
Fro. 7. The effect of HYL on H3-thymidine in-
corporation. C: control; Ul: 1-second UVL ex-
posure; US: 5-second UVL exposure.
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Fin. 8—10. Autoradiographs of 113-thymidine treated cells. 8 hours post-irradiation. Note
the difference in the degree of labeling between the control and 5-second irradiated cells.
FIG. 8. Control
Fio. 9. 1-second IJYL exposure
Fio. 10. 5-second TJVL exposure
of irradiated cultures are very slight and there-
fore insignificant.
After 5-second exposure, the differences were
more definite especially at the late hours. One
hour after irradiation, the labeling of the
nuclei was generally lighter than that of the
control cells. The difference became more ap-
parent at S hours. There were 32.5% labeled
cells (control 39.2%) among which 86% were
classified as lightly labeled; the values of
lightly labeled cells in controls and 1-second
irradiation were 6% and 5% respectively (Fig.
8—10).
At 17 hours the number of labeled celLs of
the irradiated cultures dropped to 6%, whereas
the control value was 30.9%.
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Fic. 11. Delayed appearance of labeled rnitoses
after DV irradiatioa. Each set of two columns
represents the number of mitotic figures in the
controls and irradiated cultures in a 3-hour period
(0—3, 3—6, 6—9, 9—12, 12—15 hours post-irradiation).
Kinetics of S phase cells. Figure 11 shows
that TJV irradiation delayed the appearance
of labeled mitoses after the cells had been
pulse-labeled with H'-thymidine. In the non-
irradiated cultures, 40.6% of the mitoses were
labeled in the 3—6 hour period after irradiation;
more than 25% of these were heavily labeled.
The irradiated cultures had only 25.3% labeled
mitoses, 11% of which were heavily labeled.
The percentage of labeled mitoses and the
degree of labeling increased in the irradiated
cultures; beginning from the 9—12 hour period
after irradiation, the percentage of labeled
mitoses was about the same as that of the
control cultures (92.7% in the irradiated cul-
tures, 93.5% in the controls). The number of
heavily labeled mitoscs also increased to 60.6%
in the irradiated cultures, to 44.6% in the
controls.
DISCUSSION AND CONCLUSION
Our results show that 1 second of DV ir-
radiation inhibited cell proliferation and de-
creased mitotic activity, but did not affect
DNA synthesis. The delayed appearance of
labeled mitoses after irradiation suggests that
the main effect of TJVL on the cell cycle is to
prolong the 02 period. Longer exposures, e.g.
5 seconds, however, resulted in an almost com-
plete and irreversible cessation of proliferation.
Five-second exposures also inhibited DNA syn-
thesis, but not until 8 hours after irradiation,
and became more apparent at later hours.
Silver and Hu (4) reported earlier that nei-
ther X- nor DV irradiation on cultured pig-
ment cells stimulated cell proliferation and
melanin production. It is well known, however,
that in vivo, mammalian cpidermal melano-
cytes respond to these agents by hyperpigmen-
tation (1—3). In an effort to simulate physio-
logical tanning, we used multiple small doses
of TJVL but were unable to increase melanin
pigmentation in those cells known to have that
competence. We therefore concluded that under
the conditions of our experiment TJVL has
no direct stimulating effect on pigmentation.
Qucvedo and Smith (1, 8) stressed the im-
portance of genetic regulation in melanocyte
response to TIVL, and Reams and Schaeffcr
(9, 10) showed how the responses of melano-
cytes varied according to their location in the
body. It is probable that genetic and environ-
mental factors in general influence the reaction
of a given cell to a given stimulus. The pig-
ment cell should not be an exception. Every-
thing ehe being equal, it should be possible to
determine the response or lack of response to
a stimulus (e.g. DV irradiation) on pigmenta-
tion in a group of coIls that are known to
possess that capacity. This is precisely what
we have tried to do.
Our result indicated that the direct effect of
UVL on pigment cells in culture was to inhibit
proliferation but not to stimulate melanin syn-
thesis. This differed from the response of the
epidormal melanocytes in vivo. It must be
remembered that in vivo, melanocytes exist in
the epidermis together with keratinocytes in an
apparent system that has been called epider-
mal melanin unit (11). The concept of such
a unit emphasizes the cooperative effort of both
melanocytes and keratinocytes in opidermal
melanization. The absence of keratinocytes in
cultures could explain at least in part the lack
of pigmontary response of the inelanocytes. It
is possible that extra-melanocytic factors
(epidermal or dermal) are necessary to induce
increased pigmentation.
Multiple exposures of DV irradiation had
no effect on the melanin pigmentation in these
cells. Exposure of both nonpigmented and pig-
mented colonies to high doses of DVL demon-
lO
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strated the protective action of melanin pig-
ment against UVL. With 20-second exposure,
the nonpigmented colonies were completely
destroycd whereas the pigmented colonies re-
mained unaffected. The most important con-
tribution of these observations is that we now
have clear evidcnce that melanin granules pro-
tect cells against the damaging effects of
UVL.
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